Ambulatory blood pressure monitoring (ABPM) is a non-invasive technique by which multiple indirect blood pressure readings can be obtained over a period of one to three days while the individual maintains his daily activities. The devices are automatic, lightweight, and quiet and use ausculatory or oscillometric methods, or both, to determine blood pressure. There are several types of monitors, including fully automated monitors which inflate at preprogrammed levels; semi-automated monitors, which are activated by the individual; and transtelephonic monitors, which allow the use of the telephone to transmit continuously measured automatic digital readings of blood pressure to a computer assisted receiver. This policy only addresses fully automated monitors which inflate and record blood pressure at pre-programmed intervals.
In evaluating patients having elevated office blood pressure, ABPM is often intended to identify patients with normal ambulatory readings who do not have sustained hypertension. Since this group of patients would otherwise be treated based on office blood pressure readings alone, ABPM could improve outcomes by allowing these patients to avoid unnecessary treatment. However, this assumes patients with WCH are not at increased risk for cardiovascular events and would not benefit from antihypertensive treatment.
This policy does not directly address other uses of ABPM, including the use of ABPM for the evaluation of 'masked' hypertension. Masked hypertension refers to normal blood pressure (BP) readings in the office and elevated BP readings outside of the office. This phenomenon has recently received greater attention, with estimates that up to 10-20% of individuals may exhibit this pattern. Other potential uses of ABPM include monitoring patients with established hypertension under treatment; evaluating refractory or resistant blood pressure; evaluating whether symptoms such as lightheadedness correspond with blood pressure changes; evaluating nighttime blood pressure; examining diurnal patterns of blood pressure; and/or other potential uses.
In 1990, the American College of Cardiology issued a policy statement on ambulatory blood pressure monitoring that identified the technology as "investigational", because of problems with accuracy of devices and issues related to cost and fear of abuse. In 1994, the statement was revised to state, "ambulatory BP monitoring has become a mature, clinically applicable (useful) technology for the management of selected hypertensive patients." However, the policy statement does not appear to be evidence based and no detailed discussion of the literature exists.
Key Points:
In 2000, Marchiando and Elston looked at many articles in the literature on the use of automated ambulatory BP monitoring in a Family Practice setting. They noted that the literature describes a normal diurnal variation in BP readings, with peak pressures typically at 6 a.m., higher daytime readings, lower readings in the evening, and the pressure nadir (dip) between 2 a.m. and 4 a.m. The absence of this decline in pressure may place patients at an increased risk of cardiovascular disease. According to several articles they cited, there are situations in which ambulatory BP monitoring may be useful: evaluation of a newly diagnosed hypertensive patient with or without target-organ damage, white coat hypertension, evaluation of drug-resistance or resistant hypertension, evaluation of pregnancy-induced hypertension, episodic hypertension, autonomic neuropathy, and orthostatic hypotension. The authors note that the current definition of hypertension (≥ 140/90) is difficult to apply to ABPM data because studies indicate ambulatory pressures are lower than clinical pressures. They note that this technology has the potential to reduce or simplify pharmacotherapeutic regimens used to treat hypertension, but further research is needed to link this tool to an overall improvement in morbidity and mortality in hypertensive patients.
In addition, in 1999 a study by Jula et al concluded that carefully controlled non-physicianmeasured clinic and self-measured home BPs, when averaged over four duplicate measurements, are as reliable as ambulatory BP monitoring in the clinical evaluation of untreated hypertension.
The Duke Clinical Research Institute and the American Heart Journal convened a panel of experts in ABPM to identify the utility and role of ABPM in contemporary clinical practice. An article by O'Shea et al published in May 2006 provides an overview of the issues discussed in ABPM. Initially, previous guidelines that have been issued for ABPM have lacked agreement because of new evidence that is continually added to the field. Disagreements also reflect the biases and research interests of the selected panels. The consensus of the experts at this meeting was that ABPM should be used in conjunction with, rather than as an alternative to, clinic BP, so that it can supply additional prognostic information. However, the question of how best to use ABPM in clinical practice remains unanswered. The group also discussed a report of the Joint National Committee on prevention, detection, evaluation, and treatment of high blood pressure that related this comment about ABPM: "Ambulatory blood pressure monitoring is most clinically helpful and most commonly used in patients with suspected white coat hypertension, but it is also helpful in patients with apparent drug resistance, hypotensive symptoms with antihypertensive medications, episodic hypertension, and autonomic dysfunction". It is also determined that ABPM should not be used routinely for screening for hypertension, evaluating patients with suspected hypertension, evaluating asymptomatic patients with persistently normal clinic BP.
In a final summation, the group concluded that there is a growing body of evidence to support using ABPM, but many pieces of the puzzle are not yet in place. Data are still being collected from longitudinal studies that should help prognostically useful target ranges for ambulatory BP. Long-term outcome trials are needed to establish the role of ABPM in the routine management of hypertensive patients. Data suggesting that ABPM is cost-effective and may, in the long term, be cost-saving need to be built upon with evidence from larger clinical trials. The role of ABPM in expediting and improving the drug evaluation process also needs to be clarified. The guidelines outlined in this review reflected a combination of evidence-based and consensusderived recommendations.
Goyal et al reviewed evidence about the role of ambulatory blood pressure monitoring for people with congestive heart failure. This review of six small studies revealed that the evidence is limited. The authors concluded that ABPM monitoring may have prognostic and treatment implications for people with heart failure. Controlled studies are needed to assess the impact of treatment on circadian blood pressure profile in people with congestive heart failure.
August 2008 update
In August 2008, the American Heart Association (AHA) published a scientific statement recommending ambulatory blood pressure monitoring (ABPM) for certain children and adolescents suspected of having high blood pressure. The authors said that accurate diagnosis and early treatment of clinical hypertension is essential in this age group and that ABPM can aid in such diagnoses. While the AHA recently recommended home monitoring for adults with high blood pressure, the authors of the statement say ABPM has better diagnostic specificity for children compared with home measurement. But because the use of ABPM in children is relatively new, there are little data on the technology's predictive ability or its effects on hard 
August 2010 Update
In a recent literature search no new published peer-reviewed studies were identified that would alter the coverage statement of this policy.
March 2012 Update
The focus is on the use of ambulatory blood pressure monitoring (ABPM) in previously untreated patients with elevated office blood pressure. In this situation, ABPM is intended primarily to evaluate "white coat hypertension" (WCH), or "isolated clinic hypertension" (ICH). This entity is defined as an elevated office blood pressure with normal blood pressure readings outside the physician's office. It is diagnosed by obtaining multiple out-of-office blood pressure measurements and comparing them to office readings.
Evidence on whether ABPM improves health outcomes for patients with elevated office BP will be summarized in three general areas of research: The Syst-Eur trial: a large, multicenter RCT, enrolled patients 60 years of age or older with isolated systolic hypertension and randomized them to antihypertensive treatment or placebo. A substudy evaluated 695 patients (from the total Syst-Eur sample of 4,695 patients) who underwent 24-hour ABPM in addition to the usual study protocol. Conventional blood pressure was defined from the mean of 6 baseline clinic blood pressures: 2 readings obtained with the patient seated at 3 baseline visits equal to or more than 1 month apart. Participants were classified into 3 groups based on ABPM readings: nonsustained hypertension (i.e., WCH), mildsustained hypertension, and moderate-sustained hypertension. The reduction in cardiovascular events was compared between active and placebo groups among patients in each of the 3 categories. For patients with nonsustained hypertension, there was a numerically lower rate of adverse outcomes in the treated group for stroke (0 vs. 2, p=0.16) and cardiovascular events (2 vs. 6, p=0.17), i.e., differences not reaching statistical significance. There was a significant reduction in events with treatment only among patients with moderate-sustained hypertension.
Staessen et al analyzed data from an apparently overlapping subset of 808 older individuals from the Syst-Eur trial followed up a median of 4. A third pooled analysis by Verdecchia et al included studies conducted in the United States, Italy, and Japan. This analysis compared short-and long-term stroke risk among 4,406 individuals with essential hypertension and 1,549 normotensive controls; none treated at baseline. WCH was present in 9% of the hypertensive group. During the first 6 years, follow-up stroke incidence appeared similar among WCH and normotensive groups. However, by 9 years, stroke incidence among white-coat hypertensives reached that of the hypertensive group (measured by ABPM). At the last telephone contact or clinic visit, similar proportions of those initially classified as WCH and normotensive were receiving antihypertensive medications from 5 different drug classes. This result suggests WCH may not be entirely benign.
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Accuracy of ABPM as a diagnostic test for hypertension
Studies of the accuracy of ABPM as a diagnostic test for hypertension are of two types. First, prospective cohort studies that correlate the results of ABPM with future cardiovascular events, and compare this correlation to office BP measurements, provides indirect evidence on the accuracy of ABPM by assuming that the more accurate test will have a higher correlation with hypertension-related outcomes. Second, cross-sectional studies can directly compare the accuracy of ABPM compared with office BP, using a gold standard for diagnosis. For these types of studies, ABPM is often considered to be the gold standard, and the accuracy of other methods of measuring BP is compared against ABPM.
Prospective cohort studies. Many prospective cohort studies have compared ABPM with office BP in predicting cardiovascular events. Although the results of these studies are not entirely consistent, the majority report that ABPM has greater predictive ability for cardiovascular events compared to office BP measurement. A summary of relevant systematic reviews and metaanalyses of these studies is given below.
Hansen et al performed a patient-level meta-analysis using data from four populations in Belgium, Denmark, Japan, and Sweden with a total of 7,030 individuals. The predictive value of ABPM and clinic BP for fatal and non-fatal cardiovascular events was reported. Both ABPM and office BP were predictors of outcomes in univariate and partially-adjusted multivariate models.
In the fully adjusted model, ABPM remained a significant predictor of outcomes while office BP did not.
Conen et al performed a meta-analysis on 20 cohort studies that evaluated the correlation between ABPM and outcomes and controlled for office BP in the analysis. These authors reported that ABPM was a strong predictor of cardiovascular outcomes and that controlling for office BP had little effect on the risk estimates. These results support the hypothesis that the risk information obtained from ABPM is independent of that from office BP.
Cross-sectional studies. Numerous studies have directly compared ABPM with office BP and/or home self-measured BP. Hodgkinson et al performed a systematic review of studies that compared ABPM with home or office BP and used clearly defined thresholds to determine the accuracy of diagnosis of hypertension. Seven studies were identified that compared ABPM with office BP measurements, and three studies were identified that compared ABPM to home selfmeasurement. Using a 24-hour ABPM threshold of 135/85, clinic BP measurements had a sensitivity of 74.6% (95% CI: 60.7-84.8%) and a specificity of 74.6% (95% CI: 47.9-90.4%). Home BP self-measurement had a sensitivity of 85.7% (78.0-91.0%) and a specificity of 62.4% (48.0-75.0%). The accuracy of office and home BP was not considered adequate for use as a single diagnostic test for hypertension, and it was hypothesized that the use of office and/or home measurements may lead to substantial over-diagnosis and overtreatment.
In a similar systematic review, Stergiou and Bliziotis compared the accuracy of ABPM with home blood pressure measurement for the diagnosis of hypertension. A total of 16 studies were included in this analysis. The sensitivity of home BP measurement, compared to ABPM, ranged from 36-100% with a median value of 74%. Specificity ranged from 44-96% with a median value of 84%. This study also reported the diagnostic agreement between the 2 methods of BP measurement, as measured by the kappa statistic. In the 11 studies where kappa could be Lovibond et al performed a cost-effectiveness study comparing ABPM with office BP measurement and home measurements. For the majority of patient indications, ABPM resulted in the greatest amount of quality-adjusted life years (QALYs) gained, and in individuals older than age 50 years, ABPM was consistently associated with the largest incremental gain in QALYs. It was cost-saving in all patient groups compared to alternatives and remained the most costeffective alternative under the majority of sensitivity analysis. As a result of these findings, the authors recommended that ABPM be performed for most patients before the decision to start anti-hypertensive medications is made.
Other studies. A number of trials have evaluated ABPM for the management of established hypertension, comparing the effect of ABPM use on BP control and medication use with usual care based on office measurements. Some studies have compared home self-monitoring to ABPM and office measurement for management of medication treatment. Others have attempted to determine predictors of WCH based on clinical factors and office BP readings. However, these areas of research do not provide specific evidence on the use of ABPM for diagnosing and treating patients with elevated office blood pressure and thus are not included in the final evidence base for this policy.
December 2012 Update ABPM in children and adolescents ABPM has been used in children and adolescents for similar purposes as in adults, including use in children and adolescents with elevated office BP to distinguish true hypertension (HTN) from white coat hypertension (WCH). The evidence on use in children and adolescents is of a similar type for adults but of a smaller quantity. A representative sample of studies identified is described below. In a study from Europe, 139 children and adolescents between the ages of 4-19 years of age with elevated office BP were evaluated by ABPM monitoring. A total of 32/139 (23.0%) of participants had WCH as evidenced by a normal 24-hour ABPM result. Of patients with true hypertension, 21/107 (19.6%) had evidence of target organ damage, compared to none of the patients with WCH. In a similar study from the U.S., Sixty-seven otherwise healthy children underwent ABPM, 51 of whom had an elevated office BP. Using three definitions of WCH of varying BP cutoffs, WCH was identified in 22-53% of children with elevated office BP. In a study from Japan, 206 children and adolescents between the ages of 6-25 years underwent ABPM, 70 of whom had elevated office BP. Among the 70 patients with elevated office BP, 33/70 (47%) had WCH, as defined by a normal ABPM result. A white coat effect of 10 mmHg or more was reported in 50% of patients with office HTN and 25% of patients with normal office BP. Studies comparing home blood pressure monitoring and office monitoring to ABPM as the gold standard report that the sensitivity and sensitivity of alternative methods of diagnosing hypertension are suboptimal. Substantial percentages of patients with elevated office BP are found to have normal BP on ABPM, and these patients are at risk for over-diagnosis and overtreatment based on office BP measurements alone. Use of ABPM in these patients will improve outcomes by eliminating the inconvenience and morbidity of pharmacologic treatment in patients who are not expected to benefit. Therefore, ambulatory blood pressure monitoring may be considered medically necessary for the evaluation of patients with elevated office blood pressure.
Clinical Input Received through Physician Specialty Societies and Academic Medical Centers None

Practice Guidelines and Consensus Statements
NICE : The UK's National Institute for Health and Clinical Excellence (NICE) issued updated hypertension guidelines in 2011. For diagnosing hypertension, NICE made the following recommendations concerning ABPM:
• If the clinic blood pressure is 140/90 mm Hg or higher, offer ambulatory blood pressure monitoring (ABPM) to confirm the diagnosis of hypertension.
• When using ABPM to confirm a diagnosis of hypertension, ensure that at least two measurements per hour are taken during the person's usual waking hours. Use the average of at least 14 measurements taken during usual waking hours to confirm a diagnosis of hypertension.
Canadian Hypertension Education Program (CHEP) : Guidelines for blood pressure measurement, diagnosis, and risk assessment have been published annually by CHEP. Strength of evidence underlying recommendations is graded ranging from "A" (studies with high internal validity, statistical precision, and generalizability) to "D" (expert opinion).
The 2010 recommendations include ABPM as an alternative in the evaluation of patients "without evidence of target organ damage, diabetes mellitus and/or chronic kidney disease" with blood pressures less than 180 mm Hg systolic (SBP) and 110 mm Hg diastolic (DBP Joint National Committee VII : The seventh report of the Joint National Committee (JNC) on the prevention, detection, evaluation, and treatment of high blood pressure, released in 2003, includes a brief section on the use of ABPM. The report states that "[a]mbulatory blood pressure monitoring is warranted for the evaluation of (white-coat) hypertension in the absence of target organ damage. It is also helpful to assess patients with apparent drug resistance, hypotensive symptoms with antihypertensive medications, episodic hypertension, and autonomic dysfunction."
European Society of Hypertension : The European Society of Hypertension updated guidelines in 2005 pertaining to the use of conventional, ambulatory, and home blood pressure measurement. Outlined are both "accepted" and "potential indications" for the use of ABPM. The listed "accepted indications" include: suspected white-coat, nocturnal, masked, and resistant hypertension as well as to establish dipper status, and in hypertension of pregnancy.
The 2006 update to their recommendations on the clinical value of ABPM states that "…use of office and ambulatory BP measurements has allowed the identification of a condition characterized by a persistently elevated office BP and a persistently normal ambulatory one." The guidelines further state that the evidence is conflicting on whether this is a benign condition or one that is associated with increased cardiac risk. Thus, they recommend that "…caution should be used when deciding whether or not such patients should be treated."
British Hypertension Society (BHS): Guidelines issued by the society in 2004 include discussion of ABPM noting "[l]ike home blood pressure measurements, there are no outcome trials based solely on ABPM values," and "We do not recommend the use of ABPM for all patients, but it is helpful in specific circumstances." Those listed circumstances include: unusual blood pressure variability, possible WCH, informing equivocal treatment decisions, evaluation of nocturnal hypertension, evaluation of drug-resistant hypertension, determining the efficacy of drug . This report comprehensively reviewed evidence relevant to various methods of blood pressure measurement, including review of the utility of ABPM for diagnosing and treating WCH. The evidence from prospective cohort studies was deemed insufficient to determine the risk of cardiovascular events for WCH compared to normotensive patients. The conclusion from cross-sectional studies was that patients with WCH had intermediate-risk profiles between normotensive and hypertensive patients. Furthermore, the authors stated that the "evidence was insufficient to determine whether the risks associated with WCH are sufficiently low to consider withholding drug therapy in this large subgroup of hypertensive patients."
National High Blood Pressure Education Program: The fourth report on the diagnosis, evaluation, and treatment of high blood pressure in children and adolescents was published in 2004. This report made the following statements concerning the use of ABPM in children and adolescents:
• ABPM is especially helpful in the evaluation of white-coat hypertension, as well as the risk for hypertensive organ injury, apparent drug resistance, and hypotensive symptoms with antihypertensive drugs.
• ABPM is also useful for evaluating patients for whom more information on BP patterns in needed, such as those with episodic hypertension, chronic kidney disease, diabetes, and autonomic dysfunction.
• Conducting ABPM requires specific equipment and trained staff. Therefore, ABPM in children and adolescents should be used by experts in the field of pediatric hypertension who are experienced in its use and interpretation.
Automated ambulatory blood pressure monitoring, ABPM, 24-hour sphygmomanometers
Key Words:
There are numerous blood pressure monitors that have received a 510K marketing clearance per the U.S. Food and Drug Administration.
